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INTRODUCTION 

Spirometry is a very common yet effective 

diagnostic test performed routinely to evaluate lung 

volumes and capacities and also, lung and chest 

wall mechanics to determine whether or not the 

patient has a lung problem.1 It measures the amount 

of air that moves in and out of the lungs during 

various respiratory maneuvers. Not only is it used to 

diagnose various respiratory conditions, but also, it 

is useful in assessing the physiological lung 

function.1 It has paved a pathway for diagnosing 

and monitoring of patients with several respiratory 

diseases and is the gold standard for diagnosing and 

assessing treatment response for obstructive lung 

diseases.2,3 From physiological perspective, 

spirometric measurements are either static or 

dynamic. Dynamic lung volumes typically depend 

on air flow rate and are mostly derived from vital 

capacity. Both dynamic and static lung volumes are 

essential for evaluation of obstructive as well as 

restrictive pulmonary diseases.4 The lung volumes 

include the tidal volume (TV), inspiratory reserve 

volume (IRV), expiratory reserve volume (ERV) 

and residual volume (RV). Likewise, the lung 

capacities include Vital Capacity (VC), Inspiratory 

capacity (IC), Functional Residual Capacity (FRC) 

and Total Lung Capacity (TLC). With standard 

spirometer, RV, FRC and TLC cannot be 

measured, moreover requiring special techniques.5 

Some of the relatively important parameters like 

Forced Expiratory Volume in first second (FEV1), 

Forced Vital Capacity (FVC), FEV1/FVC, Peak 

Expiratory Flow Rate (PEFR), Maximum 

Voluntary Ventilation (MVV) are the key in 

assessment and evaluation of respiratory disease.6 

Spirometry is relatively easier procedure and its 

interpretation depends on comparison with 

reference values established according to age, sex, 

Body Mass Index (BMI) and ethnicity.7 Besides 

race, age, sex, height, weight physical activity 

patterns, pulmonary function test (PFT) values are 
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College of Medical Sciences were included in the study. PFT was done using a computerized automatic spi-

rometer. Results: All the pulmonary parameters showed significant gender differences. All mean value of 

PFT parameters were higher in males. The comparisons of different parameters of PFT according to gender 

between three countries namely Nepal, India and Sri Lanka showed that Nepalese and Indian females had a 

higher FEV1 and FVC values than Sri Lankan females (p<0.05). Sri Lankan females had lower FEV1 and 
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PFTs and BMI. Conclusions: Although some significant differences on PFT parameters were observed in Sri 
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influenced by environmental, genetic, socio-

economic, nutritional status, geographic condition, 

ethnic and racial origin and technical parameters.8 

However, interpretation of pulmonary function 

measurements is complicated by the fact that the 

predicted values from different published studies 

vary in different individuals.9 The clinical practice 

in respiratory medicine in Nepal relies entirely on 

unusual normal reference values and we cannot 

speculate whether it reflects the lung capacity of 

Nepalese population.10-13 The neighboring countries 

India and Sri Lanka share same fate as Nepal in 

terms of socio-economic, geographic, 

environmental and nutritional conditions.  In this 

study we aim to measure the normative data of lung 

function indices (FEV1, FVC, FEV1/FVC, PEFR 

and MVV) of Nepalese, Sri Lankan and Indian pre-

clinical medical students of Manipal college of 

Medical Sciences and compare their values. Further, 

we aim to investigate the correlation of lung 

function indices with anthropometric parameters.  

 

METHODS 

This was a cross-sectional study conducted at 

Manipal College of Medical Sciences, Pokhara 

(827m above sea level) from September 2016 to 

February 2017. Ethical clearance for the study was 

obtained from Ethical and Review Committee of 

Manipal College of Medical Sciences. A total of 

133 medical students (51 Nepalese, 41 Indian and 

41 Sri Lankan) aged 17-24 years were included in 

the study. A written informed consent was obtained 

from all the students for participation in the study. 

The participants were screened to exclude 

cardiopulmonary or other diseases that could affect 

pulmonary function. Students with history of 

asthma, chronic bronchitis, respiratory infection at 

the time of participation and surgery involving the 

chest wall were excluded from the study. The height 

(cm), weight (kg), sex was documented using a 

working porforma. Pulmonary Function Test was 

performed using a Schiller SP-250 computerized 

spirometer. The device was calibrated every day and 

was used regularly as a part of undergraduate 

practical tool.  Participants were briefed about the 

procedure beforehand and the procedure was carried 

out according to the ATS/ERS 2005 guideline.14 All 

the procedures were carried out by the same 

investigator. A nasal clip was applied ensuring 

mouth breathing only. They were instructed to take 

a deep breath and blow into the mouth piece as 

quickly and as forcefully as possible. The 

participants were advised to sit comfortably on the 

chair and three readings for Forced Vital capacity 

(FVC), Forced Expiratory Volume in 1st second 

(FEV1), and Peak Expiratory Flow Rate (PEFR) 

were taken with the highest value recorded for the 

study. MVV was recorded for 10 seconds by fast 

and deep breathing and was expressed as L/min.  

Vital capacity: It is the maximum amount of air a 

person can expel form the lungs after a maximum 

inhalation. (3-5L)   

FVC: It is the volume of air that can forcibly be 

blown out of the lungs after full inspiration.    

FEV1: It is the volume of air that can be forcibly 

blown out of the lungs during the first second of 

expiration, after full inspiration.    

PEFR: It is the maximal flow of air achieved 

during the maximally forced expiration initiated at 

full inspiration. 

MVV: The maximum amount of air that can be 

exhaled or inhaled within one minute by voluntary 

fast and deep breathing.  

The obtained data was recorded and analyzed using 

Statistical Package for Social Sciences (SPSS ver. 

20). The numerical values were expressed as 

mean±SD.  Shapiro Wilk test was done to check the 

normality of distribution of different variables. 

Student “t” test and Pearson’s correlation 

coefficient (R) was used to obtain correlation 

between all obtained spirometric measurements and 

physical parameters (height, weight). One way 

ANOVAs was done to compare the pulmonary 

parameters (FVC, FEV1, FEV1/FVC, PEFR, and 

MVV) for different nationalities. Statistical 

significance was considered at p<0.05.  

 

RESULTS 

Among 133 participants in the study (Male (M) 

=68 Female (F) =65), the mean age of the 

participants was 19.76±1.26 years (M=20.04±1.36 

years F=19.47±1.07years), height was 1.63±0.07 

meters (m) (M= 1.69±0.06m F=1.57±0.04m), 

weight was 61.73±12.03 kg (kilogram) 

(M=67.13±12.37kg F=56.09±8.66kg) and BMI was 

22.98±3.56 kg/m2 (M= 23.44±3.73 kg/m2 

F=22.49±3.33 kg/m2). The physical characteristics 

of males and females with of different nationalities 

is presented in Table 1.  

 

All the values of PFT were normally distributed 

across all nationalities. The mean FVC was 

4.18±0.81 Liters (L) (M=4.75±0.69 L F=3.58±0.47 

L), FEV1 was 3.66±0.66 L (M=4.53±0.13L 

F=3.17±0.36 L), FEV1/FVC was 0.87±0.05 

(M=0.87±0.05 F=0.88±0.05), PEFR was 9.15±1.93 

L/min (M=10.51±1.55 L/min F=7.72±1.08 L/min) 

and MVV was 151.79±35.49 L (M=179.59±26.36 

L F=122.71±13.80 L). Table 2 presents the inter-

country mean pulmonary parameters among males 
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and females. On gender wise comparison of 

pulmonary parameters, it was found that Nepalese 

and Indian females had higher pulmonary 

parameter values compared to Sri Lankan females 

(p<0.05).  In spite of the higher values, no 

significant inter country differences was observed 

with FEV1/FVC, PEFR and MVV. There were no 

significant differences in FVC, FEV1, PEFR, and 

MVV among males of different countries. Table 3 

presents the inter country correlation of pulmonary 

parameters among female students. Overall, 

pulmonary parameters, FEV1 (p=0.014 R=0.298), 

FVC (p=0.000 R=0.428) and PEFR (p=0.025 

R=0.271) showed a weak positive correlation with 

weight among males but no such relationship was 

observed among females. Likewise, FEV1/FVC 

(p=0.023 R=-0.275) showed  

a weak negative correlation with weight among 

males. Similarly, strong positive correlation was 

observed with FVC (R=0.641, p<0.001) and FEV1 

(R=0.669, p<0.001), and, weak positive 

correlation was seen with PEFR (R=0.439, 

p<0.001) with height among males. Table 4 shows 

the paired sample correlation of weight with 

various pulmonary parameters among males. No 

such relationships was observed among females. 

Pulmonary Function test values correlated with 

longitudinal dimensions especially with height, 

while the correlation with weight was 

considerably lower. Height was the only physical 

parameter among females showing weak positive 

correlation with FEV1 (R=0.287 p=0.020) and 

FEV1/FVC (R=0.253 p=0.042).  
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Table 1.  Physical characteristic of students of 3 different countries. 

Parameter 
Nepal India Sri Lanka 

Male  (n=28) Female (n=23) Male (n=20) Female (n=21) Male (n=20) Female(n=21) 

Age (years) 20.00±1.3 19.21±0.95 19.45±1.43 19.38±0.80 20.70±1.12 19.85±1.35 

Height (cm) 1.67±0.06 1.56±0.02 1.70±0.06 1.58±0.05 1.69±0.03 1.58±0.04 

Weight (kg) 63.92±8.89 56.00±8.54 70.2514.13 56.28±9.46 68.50±14.16 56.00±8.40 

BMI(kg/m2) 22.73±2.6 22.77±3.29 24.07±4.15 22.36±3.54 23.81±4.54 22.33±3.29 

BMI: Body Mass Index 

Table 2. Gender-wise Inter-Country Pulmonary Function Parameter. 

Parameter 

Nepal India Sri Lanka 

Male Female  Male Female  Male Female  

(n=28) (n=23) (n=20) (n=21) (n=20) (n=21) 

FVC (L) 4.73±0.63 3.64±0.41 4.94±0.78 3.79±0.49 4.60±0.47 3.32±0.39 

FEV1 (L) 4.02±0.47 3.24±0.36 4.30±0.69 3.31±0.36 4.10±0.37 2.96±0.27 

FEV1/FVC 0.85±0.06 0.89±0.04 0.87±0.05 0.87±0.06 0.89±0.04 0.89±0.04 

PEFR (L/min) 10.27±1.44 7.92±1.21 10.33±1.83 7.71±1.15 11.04±1.33 7.52±0.85 

MVV (L/min) 178.14± 26.10 127.38± 16.16 179.97± 29.90 121.42± 13.14 181.23± 24.15 118.89± 10.36 
FVC: Forced Vital capacity, FEV1: Forced Expiratory Volume in 1st second, PEFR: Peak Expiratory Flow Rate, MVV: Maximum 

Voluntary Ventilation 

Table 3. Correlation of inter country pulmonary parameter among females. 

Parameter Nationality p-value 

FVC 
Nepal 

India p>0.05 

Sri Lanka p<0.05 

FEV1 Nepal 
India p>0.05 

Sri Lanka p<0.05 

FEV1/FVC 
Nepal 

India p>0.05 
Sri Lanka p>0.05 

PEFR 
Nepal 

India p>0.05 

Sri Lanka p>0.05 

MVV 
Nepal 

India p>0.05 
Sri Lanka p>0.05 

FVC: Forced Vital capacity, FEV1: Forced Expiratory Volume in 1st second, PEFR: Peak Expiratory Flow 

Rate, MVV: Maximum Voluntary Ventilation 
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DISCUSSION 
Spirometry is the widely used screening tool for 

pulmonary function studies. Owing to its simple 

features, portability and accessibility, it can be used 

in ambulatory patients, outpatient, inpatient and 

emergency departments. It is generally expected 

that increased physical activity improves physical 

fitness. BMI (Body Mass Index) has been used as a 

measure of physical and cardio-pulmonary fitness. 

BMI as recommended by the Asian Indian 

population cutoff point of 23 kg/m2 showed Indian 

(65%) and Sri Lankan (55%) males had higher 

values while Nepalese males BMI values were 

within normal limits.15 The increasing global 

prevalence and trends of being overweight and 

obese owing to rapid urbanization in India and Sri 

Lanka could be the reason for such a finding.16 

However, these data cannot be generalized among 

the general population as the sample size is very 

small and the existing rich-poor gap in both these 

countries.17 Also, the participants in the study were 

first year medical students who are yet to face the 

academic rigor and stress. These factors could 

increase metabolism and actually help reduce the 

BMI. However, according to the WHO guideline, 

the calculated BMI in the present study was within 

normal limits. We failed to find a correlation 

between pulmonary parameters and BMI in overall 

cases but found BMI correlating negatively with 

FEV1/FVC in males.18 Considering the pulmonary 

parameters, the higher values were obtained for 

males than females (except FEV1/FVC) were 

supported by several studies.19-21 Females tend to 

have lower values due to small lung size, reduced 

airway diameter, decreased maximal expiratory 

flow and less diffusion area. Also, progesterone 

and estrogen are said to modify pulmonary 

functions. 22, 23 PFT correlated best with height. 

The significant positive correlation observed with 

FEV1, FVC and PEFR with height was in line 

with the several other studies.16, 24-26 Similar 

findings could have been the result of the study 

group as all these studies were done in university 

students. In our present study, we fail addressing 

the association of pulmonary function tests with 

race and ethnicity which could as well influence 

the results. In spite of the fact that PFT values 

obtained were similar to the present study, there 

was some racial and ethnic variance in the 

studies.24, 25 The genetic and environmental 

factors have been said to affect the pulmonary 

function, thus varying values for different race 

and ethnicity.27The significant positive 

correlation of FEV1 and FVC with weight in the 

present study has been corroborated with several 

literatures12, 26, 28 but some studies have shown a 

negative correlation.16 The reason behind this 

discrepancy is not known. In the present study, 

Sri Lankan females were found to have lower 

values for pulmonary parameters as compared to 

their Nepali and Indian counterparts. It could be 

the effect of altitude on lung function. People 

living in highlands have higher values of 

pulmonary parameters to those living in low 

altitude.29 As the average altitude in Sri Lanka is 

less than that in Nepal and India, there could have 

been some difference.  However, the present 

study is in no condition to speculate as to why the 

same results were not obtained among Sri Lankan 

males. The study participants were pre-instructed 

regarding the pre-procedural do’s and don’ts 

according to the guideline provided by the 

American Thoracic Society but it cannot be 

guaranteed if they were followed which could be 

a limitation of the study. Also, the reluctance of 

the medical students giving smoking history in 

spite of assured anonymity could as well be the 

other limitation of the study. Even though it is 

difficult to establish proper, reliable values for 

pulmonary function tests owing to complexity of 

different factors influencing lung function, Indian 

prediction equation can be utilized for Nepal, 

more so over larger studies should be conducted 

before reaching to any conclusion.  

 

CONCLUSIONS 
From the present study, it can be concluded that 

pulmonary function tests values are within 

normal limits among the undergraduate medical 

students studying at Manipal College of Medical 
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 Table 4. Relationship of height and weight with 

pulmonary parameters among males. (n=68) 

Physical        

Parameter 

Pulmonary 

parameter 

Pearson’s R “p” 

value 

Height 

FEV1 0.669 0 

FVC 0.641 0 

FEV1/FVC 0.028 0.821 

PEFR 0.439 0 

MVV 0.22 0.071 

Weight 

FEV1 0.298 0.014 

FVC 0.428 0 

FEV1/FVC -0.275 0.023 

PEFR 0.271 0.025 

MVV 0.033 0.787 

BMI FEV1/FVC -0.315 0.009 
Abbreviations: PFT, pulmonary function tests; FEV1, forced 

expiratory volume in 1st second; FVC, forced vital capacity; 

PEFR, peak expiratory flow rate; MVV, maximum voluntary 

ventilation.  
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Sciences. All pulmonary function parameters are 

higher in males than in females among Nepalese, 

Indian and Sri Lankan adolescents and young 

adults. Pulmonary Function Test best correlates 

with height, ie a tall individual might have higher 

pulmonary values. As no significant difference was 

seen between Nepalese and Indian values of PFT, 

Indian prediction equation for PFT can be used for 

Nepal. However, further studies with large sample 

size is advised.  
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